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, $[$ 18, Section 7.5$]$ $[$20, 21 $]$ .
$[$ 14$]$ , .
2.
,
. 2 . , $\check{S}$ ipos $[$20, 21 $]$ $|$
$($horizontal integral $)$ ,
.
,
, Choquet $[$4$]$ , Denneberg $[$7$]$ , K\"onig $[$ 15$]$
. ,
,
$($ . $)$ ,
,
, , .
, Boccuto Ric\v{c}an $[$3$]$ , , , $\check{S}ipo\check{s}$
, .
, $X$ , $C$ $X$
$\emptyset$ . , $\mathbb{R}$ , $\mathbb{N}$ .
2.1. $f$ : $Xarrow[0,$ $\infty]$ .
(1) $t\geq 0$ $\{X\in X$ : $f(x)>t\}\in C$ $f$ O- $(t\succ$
measurable $)$
(2) $t>0$ $\{$X $\in X$ : $f(x)\geq t\}\in C$ $f$ c- $(C-$
meaSurable $)$
, $\{X\in X$ : $f(x)>t\}$ $\{X\in X$ : $f(x)\geq t\}$
$\{f>t\}$ $\{f\geq t\}$ . , $C$ , $f$
$c$ .
22. $f,$ $g$ : $Xarrow[0,$ $\infty]$ $0$- , $C\in \mathbb{R}$ $C\geq 0$ .
(1) $f\wedge c,$ $f-f\wedge C_{\rangle}(f-c)^{+},$ $cf$ $\sim$ .
(2) $C$ . $f\vee g$ $f\wedge g$ .
(3) $C$ . $f+g$ .
$V$ . $[17|$ .
2 $\{r_{i,j}\}_{(i,j)\in N^{2}}\subset V$ , $i\in \mathbb{N}$ $r_{i,j}\downarrow 0$ , ,
$i,$ $j\in \mathbb{N}$ , $r_{i,j}\geq r_{i,j+1}$ $i\in \mathbb{N}$ $infj\in Ni,j$ $V$
7
(regulator) . , $\mathbb{N}$ $\mathbb{N}$ $\Theta$ . $\sigma$-
$V$ , $\{r_{i,j}\}_{(i,j)\in N^{2}}\subset V$ $\inf_{\theta\in\Theta\sup_{i\in N}}r_{i,\theta(i)}=0$
$\sigma$- $($weakly $\sigma$-distributive) .
$\sigma$- ( , [23] ).
, $V$ $\sigma$-
. , $V$
$+\infty$ $V$ :(i) $u\in V$
$(+\infty)+u=u+(+\infty)=+\infty$ , (ii) $(+\infty)+(+\infty)=+\infty$ . (iii) $c>0$
$C\cdot(+\infty)=+\infty,$ (iv) $0\cdot(+\infty)=0$ . $(+\infty)-(+\infty)$ $C\cdot$ ( $+$ oo) $(c<0)$
. , $($V $)$ $u\in V$ $u<+\infty$ , $V$
$V\cup\{+\infty\}$ . $V\cup\{+\infty\}$
$A$ , $V$ $($bounded from above$)$ ,
$V$ (bounded from below)
. $A$ , $\mathcal{A}$ $\sup A:=+\infty$ . , $A$
, $A$
$\inf A:=\{\begin{array}{ll}in f\{u\in A:u<+\infty\} if \{u\in A:u<+\infty\}\neq\emptyset+\infty otherwise\end{array}$
.
23. $\mu$ : $Carrow V$
(i) $\mu(\emptyset)=0$
(ii) $A,$ $B\in C$ , $A\subset B$ $\mu(A)\leq\mu(B)$ ( )
(non-additive measure) .
24. $\mu$ : $Carrow V$ . $f$ : $Xarrow[0, \infty]$ $0$- .
$G_{f}$ : $[0, \infty)arrow V$ $G_{f}(t):=\mu(\{x\in X$ : $f(x)>t\})(t\in[0, \infty))$ , $\mu$
$f$ (decreasing distribution funCtion) .
$G_{f}$ ,
( ) , $b>0$ $G_{f}$ $[0,$ $b]$
, $\varphi(s):=\int_{0}^{s}G_{f}(t)dt(s\in[0, \infty))$ . ,
.
25. $\mu$ : $Carrow V$ . $f$ : $Xarrow[0,$ $\infty|$ .
$\mu$ $f$ (Choquet integral) $\int_{X}fd\mu:=\sup_{b>0}\int_{0}^{b}G_{f}(t)dt$
. $\int_{X}fd\mu<+\infty$ , , $\{\int_{0}^{b}G_{f}(t)dt$ : $b>0\}$ $f$
(Choquet integrable) .
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26. $\mu$ : $Carrow V$ , $f,$ $g$ : $Xarrow[0, \infty]$ $0$- .
(1) $c\in \mathbb{R}$ $c\geq 0$ . $cf$ $0$- $\int_{X}(cf)d\mu=c\int_{X}fd\mu$ .
(2) $x\in X$ $f(x)\leq g(x)$ . $\int_{X}fd\mu\leq\int_{X}gd\mu$.
, $g$ $f$ .
27. $\mu$ : $Carrow V$ , $f$ : $Xarrow[0, \infty]$ $0$- .
$\int_{X}fd\mu=\sup_{n\in N}\int_{X}(f\wedge n)d\mu$ . , $f$
$\{\int_{X}(f\wedge n)d\mu$ : $n\in \mathbb{N}\}$ .
28. $\mu:Carrow V$ , $f$ : $Xarrow[0, \infty]$ $\sim$ . $a\in \mathbb{R}$
$a\geq 0$ . $\int_{X}fd\mu=\int_{X}(f\wedge a)d\mu+\int_{X}(f-f\wedge a)d\mu$ .
29. $\mu$ : $Carrow V$ , $f$ : $Xarrow[0, \infty]$ $0$- .
(1) $\inf_{a>0}\int_{X}(f\wedge a)d\mu=0$ .
(2) $f$ $\inf_{a>0}\int_{X}(f-f\wedge a)d\mu=0$ .
$A\in C$ . $f$ : $Xarrow[0, \infty]$ $0$- $C$ ,
$f\chi_{A}$ O- . .
210. $\mu$ : $Carrow V$ , $f$ : $Xarrow[0, \infty]$ $0$- .
$C$ . $A\in C$ $f$ $A$
$\int_{A}fd\mu:=\int_{X}f\chi_{A}d\mu$ . $\int_{A}fd\mu<+\infty$ , $f$ $A$
(Choquet integrable on $A$ ) .
2.11. $\mu$ : $Carrow V$ . $C$
. $f:Xarrow[0, \infty]$ $0$- , $A\in C$ . $\int_{A}fd\mu=$
$\sup_{b>0}\int_{0}^{b}G_{f,A}(t)dt$ . , $G_{f,A}(t)$ $:=\mu(\{x\in A$ : $f(x)>t\})(t\geq 0)$ .
, $f$ $f$ $A$ . $\int_{A}1d\mu=\mu(A)$ .
2.12. $\mu$ : $Carrow V$ . $C$
. $f$ : $Xarrow[0,$ $\infty|$ $0$- . ,
$\{A_{n}\}_{n\in \mathbb{N}}\subset C$ , $\mu(A_{n})arrow 0$ $\int_{A_{n}}fd\muarrow 0$ .
$0$- $h$ : $Xarrow[0, \infty)$ $S(C)$ . $S(C)$
$0$- (simple function) . $C$
(lattice) .
2.13. $\mu$ : $Carrow V$ , $C$ . $f:Xarrow[0, \infty)$
: $f= \sum_{i=1}^{r}t_{i}\chi_{A_{i}}$ , $r\in \mathbb{N},$ $t_{1},$ $t_{2},$ $\ldots,$ $t_{r}\in \mathbb{R}$
$t_{i}>0(i=1,2, \ldots, r),$ $A_{1},$ $\ldots$ , $A_{r}\in C$ $A_{1}\supset A_{2}\supset\cdots\supset A_{r}$ . $f$ O-
$\int_{X}fd\mu=\sum_{i=1}^{r}t_{i\mu}(A_{i})$ .
9
2.14 ([1, Proposition 3.12]). $\mu$ : $Carrow V$ . $f$ : $Xarrow$
$[0,$ $\infty]$ 0- , $C$ . $\int_{X}fd\mu=\sup\{\int_{X}hd\mu$ : $h\in S(C),$ $h\leq f\}$ .
, $f$ $\{\int_{X}hd\mu$ : $h\in S(C),$ $h\leq f\}$
.
215. $(X, \mathcal{F})$ . $\mu$ : $\mathcal{F}arrow V$
$($ i) $\mu(\emptyset)=0$ $\mathcal{A}\in \mathcal{F}$ $\mu(\mathcal{A})\geq 0$
(ii) $\{A_{n}\}_{n\in N}\subset \mathcal{F}$ $\mu(\bigcup_{n=1}^{\infty} An)=$
$\sup_{n\in N}\sum_{k=1}^{n}\mu(A_{k})$
$\sigma$- ( $\sigma$-measure) .
Wright $[$22, 24$]$ , $f$ $\sigma$- $\mu$ ,
. $( L)\int_{X}fd\mu$ .
2.16 $([$8, Theorem 4$])$ . $(X, \mathcal{F})$ . $\mu$ : $\mathcal{F}arrow V$ $\sigma$- ,




$X$ , $C$ $F$ $X$ $\emptyset$ . $V$
$\sigma$- .
3.1. $C$ . $\mu$ : $Carrow V$
(1) $A,$ $B\in C$ $\mu(A\cup B)+\mu(A\cap B)\leq\mu(A)+\mu(B)$
(submodular) .
(2) $A,$ $B\in C$ , $A\cap B=\emptyset$ $\mu(A\cup B)\leq\mu(A)+\mu(B)$
(subadditive) .
(3) $\mathcal{A},$ $B\in C$ $\mu(A\cup B)+\mu(A\cap B)\geq\mu(A)+\mu(B)$
(supermodular) .
(4) $A,$ $B\in C$ , $A\cap B=\emptyset$ $\mu(A\cup B)\geq\mu(A)+\mu(B)$
(superadditive) .
(5) (valuation) .
32. $\mu$ : $Carrow V$ , $f,$ $g$ : $Xarrow[0, \infty]$ . $C$
. $\mu$ $\int_{X}(f\wedge g)d\mu+\int_{X}(f\vee g)d\mu\leq\int_{X}fd\mu+\int_{X}gd\mu$. $\mu$
.
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33. $\mu$ : $Carrow V$ , $f,$ $g$ : $Xarrow[0, \infty]$ $0$- . $C$
. $\mu$ $\int_{X}(f+g)d\mu\leq\int_{X}fd\mu+\int_{X}gd\mu$ .
$\mu$ .
34. $\mu$ : $Carrow V$ . $\mathcal{M}$ $C$ $\emptyset$ ,
. .
(i) $\mu$ $\mathcal{M}$ .
(ii) $\mathcal{M}$ 0- $f,$ $g:Xarrow[0,$ $\infty|$ $\int_{X}(f+g)d\mu=$
$\int_{X}fd\mu+\int_{X}gd\mu$ .
35. $f,$ $g$ : $Xarrow[0,$ $\infty|$ . $X$ $(X, x’)$ $f(x)<$
$f(x’)$ $g(x)\leq g(x’)$ , $f$ $g$ (comonotonic) .
36. $f,$ $g$ : $Xarrow[0, \infty]$ . $f$ $g$
$X$ $\{\{f>t\}, \{g>s\}:t, s\in[0, \infty)\}$ (
) .
37. $f,$ $g$ : $Xarrow[0, \infty]$ $0$- . .
(i) $f$ $g$ .




, $a,$ $b\in \mathbb{R}$ $a<b$ .
4.1 ([19, Definition 5.6.4]). $g:[a, b]arrow V$ , $\{r_{i,j}\}_{(i,j)\in N^{2}}\subset V$
, $\theta\in\Theta$ , $\delta>0$ , $t\in[a,$ $b]$ ,
$|t-t_{0}|<\delta$ $|g(t)-g(t_{0})| \leq\sup_{i\in N}r_{i,\theta(i)}$ to (continuouS)
. , $t\in[a, b]$ , $g$ $[a,$ $b]$ .
42. (1) 4.1 $\{r_{i,j}\}_{(i,j)\in N^{2}}$
.
(2) .
$g$ : $[a, b]arrow V$ , $t_{1},$ $t_{2}\in[a,$ $b]$ , $t_{1}<t_{2}$ $g(t_{1})\leq g(t_{2})$





43. $g:[a, b]arrow V$ , $t_{0}\in[a, b)$ . 2
(ii) $g(t_{0})= \inf\{g(s);s\in[a, b], t_{0}<s\}$
.
(i) $g$ to .




44. $t\in[0,1]$ , $h_{t}\in \mathbb{R}^{[0,1]}$
$h_{t}(\xi):=\{\begin{array}{l}1if 0\leq\xi\leq t0 if \xi>t\end{array}$ $(\xi\in[0,1])$
. $t,$ $\xi\in[0,1]$ $g(t)(\xi):=h_{t}(\xi)$ . $g$ : $[0,1]arrow \mathbb{R}^{[0,1]}$
$(0,1|$ , $g$ .
, .





[13] . $\Vert\cdot\Vert$ : $Varrow \mathbb{R}$ 3
$V$ (lattice subnorm) .
(i) $u\in V$ $\Vert u\Vert\geq 0$ . $\Vert 0\Vert=0$ .
(ii) $u,$ $v\in V$ $\Vert u+v\Vert\leq\Vert u\Vert+\Vert v\Vert$ .
(iii) $u,$ $v\in V$ , $|u|\leq|v|$ $\Vert u\Vert\leq\Vert v\Vert$ .
2 .
(iv) $u\in V$ $\Vert|u|\Vert=\Vert u\Vert$ . $\Vert-u\Vert=\Vert u\Vert$ .
(V) $u,$ $v\in V$ $|\Vert u\Vert-\Vert v\Vert|\leq\Vert u-v\Vert$ .
$V$ . $V$
$\Vert\cdot\Vert$ , $\{u_{n}\}_{n\in N}\subset V$ , $u_{n}\downarrow 0$ $\Vert u_{n}\Vertarrow 0$
$\sigma$- ( $\sigma$-order Continuous) , $\{u_{\alpha}\}_{\alpha\in\Gamma}\subset V$
, $u_{\alpha}\downarrow 0$ $\Vert u_{\alpha}\Vertarrow 0$ (order continuous) .
(countably
subnormed Riesz space) . ,
12






(1) $V$ $\sigma$- $V$ ,
.




4.8. [16, Theorem], [5, Proposition 3] 43 , $V$
$\sigma$- , $V$ $V$
([6] ).
$(T, \mathcal{T}, \nu)$ $\sigma$- . $\mathcal{L}_{0}(\nu)$ $T$ $\nu$-
$a.e$ . . $0<p<\infty$ , $\mathcal{L}_{p}(\nu)$
$\int_{T}|f|^{p}d\nu<\infty$ $\mathcal{L}_{0}(\nu)$ , $\mathcal{L}_{\infty}(\nu)$ $\nu$-
$\mathcal{L}_{0}(\nu)$ .






, $(X,$ $\mathcal{F})$ , $V$ $\sigma$-
.
4.10. $\mu$ : $\mathcal{F}arrow V$
(1) $\{A_{n}\}_{n\in N}\subset \mathcal{F}$ $A\in \mathcal{F}$ , $A_{n}\downarrow A$ $\mu(A_{n})\downarrow\mu(A)$
(continuous from above) .
(2) $\{A_{n}\}_{n\in N}\subset \mathcal{F}$ $A\in \mathcal{F}$ , $A_{n}\uparrow A$ $\mu(A_{n})\uparrow\mu(A)$
(continuous from below) .
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,Helly-Bray ( A. 10) .
4.11. $\mu$ : $\mathcal{F}arrow V$ . $V$
. $\{f_{n}\}_{n\in N}$ $X$ $\mathcal{F}$-
, $f$ . $x\in X$ $f_{n}(x)\uparrow f(x)$
$lh^{\backslash \backslash } \int_{X}fd\mu=\sup_{n\in N}\int_{X}f_{n}d\mu$ .
4.12. $\mu$ : $\mathcal{F}arrow V$ , $f:Xarrow[0, \infty]$ $\mathcal{F}$- .
(1) $t\in[0, \infty)$ $tarrow\mu(\{f\geq t\})$ $\mu(\{f\geq t\})=\mu(\{f>t\})$ .
(2) $V$ . , $[0, \infty)$
$\mu(\{f\geq t\})=\mu(\{f>t\})$ .
413. $\mu$ : $\mathcal{F}arrow V$ . $V$
. $\{f_{n}\}_{n\in N}$ $X$ $\mathcal{F}$-
, $f$ $X$ $\mathcal{F}$-
. $x\in X$ $f_{n}(x)\downarrow f(x)$ , $f$
$\int_{X}fd\mu=\inf_{n\in N}\int_{X}f_{n}d\mu=\lim_{narrow\infty}\int_{X}f_{n}d\mu$ .
4.14. $\mu$ : $\mathcal{F}arrow V$ . $V$
. $\{f_{n}\}_{n\in N}$ $X$ $\mathcal{F}$- .
(1) $\mu$ . $\int_{X}(\lim inf_{narrow\infty}f_{n})d\mu\leq\lim\inf_{narrow\infty}\int_{X}f_{n}d\mu$.
(2) $\mu$ . $X$ $\mathcal{F}$-
$g$ , $n\in \mathbb{N}$ $f_{n}\leq g$ .
$\lim\sup_{narrow\infty}\int_{X}f_{n}d\mu\leq\int_{X}(\lim\sup_{narrow\infty}f_{n})d\mu$ .
4.15. $\mu$ : $\mathcal{F}arrow V$ . $V$
. $\{f_{n}\}_{n\in N}$ $X$ $\mathcal{F}$- , $f$
. $X$ $\mathcal{F}$-
$g$ , $n\in \mathbb{N}$ $f_{n}\leq g$ . $x\in X$






, $a,$ $b\in \mathbb{R}$ $a<b$ .
14
. $[a, b]$ (partition)
$\Delta$ : $a=t_{0}<t_{1}<..$ . $<t_{i-1}<t_{i}<...$ $<t_{n-}i<t_{n}=b$
. $t_{1},$ $t_{2},$
$\ldots,$
$t_{n-1}$ $\Delta$ (dividing point) . $\Delta$
$\Delta=\{[t_{0}, t_{1}], [t_{1}, t_{2}], \ldots, [t_{n-1}, t_{n}]\}$ , $\mathcal{D}[a, b]$ .
$\ovalbox{\tt\small REJECT}$
$\Delta$ (size) $| \Delta|:=\max\{|t_{i}-t_{i-1}| :1\leq i\leq n\}$ .




$(\Delta,\xi)=\{([t_{0},$ $t_{1}],$ $\xi_{1}),$ $([t_{1},$ $t_{2}],$ $\xi_{2}),$
$\ldots,$
$([t_{n-1},$ $t_{n}],$ $\xi_{n})\}$ , $(\Delta, \xi)$
$[a, b]$ . , $\Delta$ $(\Delta, \xi)$ ,
$\mathcal{D}[a, b]$ .
A.l ([19, Definition 5.6.2], [8]). $V$ $\sigma$- . $h$ : $[a, b]arrow \mathbb{R}$
$g$ : $[a, b]arrow V$ . $J\in V$ $\{r_{i,j}\}_{(i,j)\in N^{2}}\subset V$ ,
$\theta\in\Theta$ , $\delta>0$ (integrability condition):
$(\Delta, \xi)=\{([t_{0},$ $t_{1}],$ $\xi_{1}),$
$\ldots,$
$([t_{n-1},$ $t_{n}],$ $\xi_{n})\}\in \mathcal{D}[a, b]$ , $|\Delta|<\delta$
$|J-S_{h}(g, \Delta, \xi)|\leq\sup_{i\in N}r_{i_{t}\theta(i)}$ , $g$ $h$ $[a, b]$
(Riemann-Stieltjes integrable) . $S_{h}(g, \Delta, \xi):=$
$\sum_{i=1}^{n}(h(t_{i})-h(t_{i-l}))g(\xi_{i})$ $g$ $h$ (Riemann-
Stieltjes sum) . $J$ , $J$ $g$ $h$ $[a, b]$
(Riemann-Stieltjes integral) , $\int_{a}^{b}gdh$ . ,
$\{r_{i,j}\}_{(i,j)\in N^{2}}$ (defining regulator for the integral)
. $h(t):=t$ , $S( \Delta, \xi):=\sum_{i=1}^{n}(t_{i}-t_{i-1})g(\xi_{i})$ $\int_{a}^{b}gdt$
$g$ $[a, b]$ (Riemann sum), (Riemann integral)
.
A2. (1) $\xi_{1}\in[t_{0},t_{1}],$ $\xi_{2}\in[t_{1},t_{2}],$ $\ldots,$ $\xi_{n}\in$
$[t_{n-1},t_{n}]$ . , $V$ $\sigma$- $J$
.
(2) “Riemann-Stieltjes”, “Riemann” “$RS$”, $R$” .
(3) $g$ . $\int_{a}^{b}hdg$ .
(4) , $\int_{a}^{a}gdh$ $:=0,$ $\int_{b}^{a}gdh$ $:=- \int_{a}^{b}gdh$ .
. [19, Proposition 5.6.3] [8, Theorem 1] .
A.3. $V$ $\sigma$- $\sigma$- . $h$ : $[a, b]arrow \mathbb{R}$ $g$ :
$[a, b]arrow V$ . $h$ $g$ $[a, b]$ RS-
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$g$ $[a, b]$ RS- ,
$\int_{a}^{b}hdg=h(b)g(b)-h(a)g(a)-\int_{a}^{b}gdh$ .
, RS- $\int_{a}^{b}gdh$ . RS
$\int_{a}^{b}hdg$ . $g$ : $[a, b]arrow V$ , $v\in$
$V$ , $\Delta=\{[t_{0}, t_{1}], [t_{1}, t_{2}]\ldots., [t_{n-1}, t_{n}]\}\in \mathcal{D}[a, b]$
$v_{g}(\Delta)$ $:= \sum_{i=1}^{n}|g(t_{i})-g(t_{i-1})|\leq v$ (of bounded variation) .
$V$ , $g$ $[a, b]$ (total variation)
$v_{g}:= \sup\{v_{9}(\Delta)$ : $\Delta\in \mathcal{D}[a,$ $b|\}$ .
. $g$ : $[a, b]arrow V$ .




A.4. $V$ $\sigma$- . $h$ : $[a, b]arrow \mathbb{R}$
, $g$ : $[a, b]arrow V$ . .
(i) RS- $\int_{a}^{b}gdh$ . , $g$ $[a, b]$ RS- .
(ii)Cauchy-Bolzano . , $\{r_{i,j}\}_{(i,j)\in N^{2}}\subset V$
, $\theta\in\Theta$ , $\delta>0$ , :
$(\Delta_{1},\xi),$ $(\Delta_{2}, \eta)\in \mathcal{D}[a, b]$ , $|\Delta_{1}|,$ $|\Delta_{2}|<\delta$ $|S_{h}(g, \Delta_{1},\xi)-$
$S_{h}(g, \Delta_{2}, \eta)|\leq\sup_{i\in N}r_{i,\theta(i)}$ .
A3 A4 , 2 .
A.5 ([19, Theorem 5.6.6], [8, Corollary $1|)$ . $V$ $\sigma$-
. : $[a, b]arrow \mathbb{R}$ , $g$ : $[a, b]arrow V$ .
, $g$ $[a, b]$ RS- . $g$ RS- .
A6. $V$ $\sigma$- . $h$ : $[a, b]arrow \mathbb{R}$
, $g$ : $[a, b]arrow V$ . $[c$ , $[a, b]$ . $g$






A.7. $V$ $\sigma$- $\sigma$- . $h,$ $h_{i},$ $h_{2}$ : $[a, b]arrow \mathbb{R}$
$g,$ $g_{1},$ $g_{2}$ : $[a, b]arrow V$ . $\alpha\in \mathbb{R},$ $e\in V$ .
(1) $\int_{a}^{b}edh$ $\int_{a}^{b}ed$ $=(h(b)-h(a))e$ .
(2) $\int_{a}^{b}gdh$ . $u\in V$
, $t\in[a, b]$ $|g(t)|\leq u$ . $| \int_{a}^{b}gdh|\leq v_{h}\cdot u$ .
(3) $\int_{a}^{b}g_{1}dh$ $\int_{a}^{b}g_{2}dh$ $\int_{a}^{b}(g_{1}+g_{2})d$ $\int_{a}^{b}(g_{1}+g_{2})d$ $=$
$\int_{a}^{b}g_{1}dh+\int_{a}^{b}g_{2}dh$.
(4) $\int_{a}^{b}gdh$ $\int_{a}^{b}(\alpha g)d$ ( $\alpha$g)dh $= \alpha\int_{a}^{b}gd$ .
(5) $\int_{a}^{b}$ gdhi $\int_{a}^{b}gdh_{2}$ $\int_{a}^{b}gd(h_{1}+h_{2})$ $\int_{a}^{b}gd(h1+$ $2)=$
$\int_{a}^{b}gdh_{1}+\int_{a}^{b}gdh_{2}$ .
(6) $\int_{a}^{b}gdh$ $\int_{a}^{b}gd(\alpha h)$ $\int_{a}^{b}gd$( $\alpha$ ) $= \alpha\int_{a}^{b}gdh$ .
(7) $C\in(a, b)$ . $g$ $h$ $[a, c],$ $[c, d],$ $[a, b]$ RS-
$\int_{a}^{b}gdh=\int_{a}^{C}gdh+\int_{C}^{b}gdh$ .
(8) $c\in(a, b)$ . $g$ , $c$ . $g$ $h$ $[a, c]$ $[c, b]$
RS- $[a, b]$ RS- $\int_{a}^{b}gdh=\int_{a}^{c}gdh+\int_{C}^{b}gdh$ .
(9) $g_{1}$ $g_{2}$ $[a, b]$ RS- , $[a, b]$
$g_{1}(t)=g_{2}(t)$ . $\int_{a}^{b}$ $gidh= \int_{a}^{b}g_{2}d$ .
(10) $\Delta=\{[t_{0}, t_{1}], [t_{1},t_{2}], \ldots, [t_{n-1}, t_{n}]\}\in \mathcal{D}[a, b]$ . $\Delta$
$t_{1},$ $t_{2},$
$\ldots,$
$t_{n-1}$ . $g$ : $[a, b]arrow V$ $g(t):=u_{i}$ if
$t\in[t_{i-1}, t_{i})(1\leq i\leq n),$ $g(b):=u_{n+1}$ . $g$ $h$
$[a,$ $b|$ RS- $\int_{a}^{b}gdh=\sum_{i=1}^{n}(h(t_{i})-h(t_{i-1}))u_{i}$ .
(11) $h$ , $g_{1},$ $g_{2}$ $[a,$ $b|$ RS- .
$t\in[a, b]$ $g_{1}(t)\leq g_{2}(t)$ $\int_{a}^{b}g_{1}d$ $\leq\int_{a}^{b}g_{2}dh$ .
(12) , $g$ $|g|$ $[a, b]$ RS- .
$| \int_{a}^{b}gd$ $| \leq\int_{a}^{b}|g|dh$ .
(13) $\alpha,$ $\beta\in \mathbb{R}$ $\alpha>0$ . $g_{\alpha,\beta}$ : $\mathbb{R}arrow V$ $g_{\alpha,\beta}(t):=g(\alpha t+\beta)(t\in \mathbb{R})$
. $g$ $[\alpha a+\beta, \alpha b+\beta]$ R- . $g_{\alpha,\beta}$ $[a, b]$




. , $g$ , RS- $\int_{a}^{b}gd$
. A.7 (8) (10)
.
2 $[$ 19, Theorem 5.7.3$]$ .
[5, 6, 9] .
A.9 (The first Helly-Bray theorem). V $\sigma$-
. V-
. $h$ : $[a, b]arrow \mathbb{R}$ . $g_{n},$ $g$ : $[a, b]arrow V$
, 3 .
(i) $g_{n}(n=1,2, \ldots)$ . , $v\in V$ ,
$n\in \mathbb{N}$ $v_{g_{n}}\leq V$ .
(ii) $[a, b]$ $g_{n}(t)arrow g(t)$ .
(iii) $g_{n}(a)arrow g(a)$ $g_{n}(b)arrow g(b)$ .
$\int_{a}^{b}hdg_{n}arrow\int_{a}^{b}$ $dg$ .
A.10 (The first Helly-Bray theorem). V $\sigma$-
. $V$-
. : $[a, b]arrow \mathbb{R}$ . $g_{n},$ $g$ : $[a, b]arrow V$
, 3 .
(i) $g_{n}(n=1,2, \ldots)$ . , $v\in V$ ,
$n\in \mathbb{N}$ $v_{g_{n}}\leq v$ .
(ii) $[a, b]$ $\{g_{n}\}_{n\in N}$ . , $c\in[a, b]$
$u\in V$ , $n\in \mathbb{N}$ $|g_{n}(c)|\leq u$ .
(iii) $[a, b]$ $g_{n}(t)arrow g(t)$ .
$\int^{b}g_{n}dharrow\int_{a}^{b}gdh$.
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